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FIG. 1 



(54) Air conditioning apparatus for vehicle, using a flammable refrigerant 

(57) According to the present invention, when leak- 
age of refrigerant is detected during operation of an air 
conditioning apparatus for a vehicle, air outlets (13-15) 
for a passenger and a solenoid valve (28) for an air pas- 
sage (1a) are closed. Accordingly, a compressor (25) is 
stopped after a predetermined time has elapsed since 
the solenoid valve (28) is closed. In this way. refrigerant 
within an evaporator (8) is sucked and discharged. Con- 
sequently, an amount of refrigerant leaking from an air 
conditioner casing due to damage of the evaporator can 
be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: s 

The present invention relates to an air conditioning 
apparatus for a vehicle, which employs a flammable 
refrigerant 

w 

2. Description of Related Art: 

An air conditioning apparatus for a vehicle, employ- 
ing a flammable refrigerant of propane gas or the like, 
has been proposed recently in view of the tendency of is 
non-Freon refrigerant for an air conditioning apparatus. 

There has been also proposed a device for prevent- 
ing leakage of refrigerant of an air conditioning appara- 
tus for a vehicle employing a flammable refrigerant as 
disclosed in JP-U-58-54904 for example. More specifi- 20 
cally, a gas sensor for detecting leakage of refrigerant is 
provided within a passenger compartment (cabin) or 
within the air conditioning apparatus for a vehicle. 
Accordingly, refrigerant leakage is monitored constantly 
(including time period during which the engine stops 25 
such as when the vehicle is parked), and when leakage 
of refrigerant has been detected, an inside/outside air 
switching door is set in an outside air introduction state 
and a rotation direction of a blower is reversed, and an 
air-mix door is set in a maximum cooling state, so that 30 
leaked refrigerant is discharged outside the vehicle. 

On the other hand, an evaporator, a heater core, 
the air-mix door, and the like are disposed in an air pas- 
sage of the air conditioning apparatus for a vehicle, and 
therefore passage resistance (pressure loss) is large, 35 
and a sufficient amount of blown air cannot be assured 
with an axial-flow fan. Accordingly, a scirocco fan is gen- 
erally employed as the fan for a blower to keep its com- 
pactness while assuring a sufficient amount of blown 
air. 40 

For this reason, in the blower of an air conditioning 
apparatus for a vehicle, as characteristics of the sci- 
rocco fan generally relates to the shape of the scroll 
casing, the direction of blown air is not reversed even 
when the scirocco fan is reversely rotated. 45 

Consequently, according to the above device in 
which the blower is reversely rotated, the leaked refrig- 
erant cannot be certainly discharged outside the vehi- 
cle. Therefore, there may be a problem that the 
passenger compartment is filled with the refrigerant so 
while the air conditioning apparatus is stopped and the 
passenger is absent, such as when the vehicle is 
parked. 

SUMMARY OF THE INVENTION 55 

In light of the foregoing problem, it is an object of 
the present invention to provide an air conditioning 
apparatus for a vehicle, capable of preventing the refrig- 



erant from flowing into the passenger compartment 
even when the refrigerant is leaked from an air condi- 
tioning equipment 

According to a first aspect of the present invention, 
when a detected value detected by a refrigerant detect- 
ing device is a predetermined value or more during an 
operation of the air conditioning apparatus for a vehicle, 
an air passage in an air conditioner casing is closed. In 
this way, since the air passage is closed when leakage 
of refrigerant is detected during the operation of the air 
conditioning apparatus, refrigerant which has leaked 
into the air conditioner casing is enclosed within the air 
conditioner casing. Consequently, it can be prevented 
that the interior of the passenger compartments filled 
with the refrigerant 

Further, a compressor may be stopped after a pre- 
determined time has elapsed since a solenoid valve is 
closed when a detected value detected by the refriger- 
ant detecting device during an operation of the air con- 
ditioning apparatus is a predetermined value or more. In 
this way, since the operation of the compressor is 
stopped after a predetermined time has elapsed since 
the solenoid valve is closed when leakage of refrigerant 
is detected during the operation of the air conditioning 
apparatus, and the refrigerant within the evaporator can 
be sucked and discharged. Consequently, the amount 
of refrigerant leaking out within the air-conditioner cas- 
ing due to damage of the evaporator can be reduced, 
and it can be prevented that the interior of the passen- 
ger compartment is filled with the refrigerant. 

Still further, the compressor may be stopped after a 
predetermined time has elapsed since the solenoid 
valve is closed when a stop of the air conditioning appa- 
ratus has been instructed by an instructing device dur- 
ing the operation of the air conditioning apparatus. In 
this way. the operation of the compressor is stopped 
after a predetermined time has elapsed since the sole- 
noid valve is closed when a stop of the operation is 
instructed during the operation of the air conditioning 
apparatus, and refrigerant within the evaporator can be 
sucked and discharged. Consequently, refrigerant 
within the evaporator is sucked and discharged even if 
damage occurs so that refrigerant leaks out from the 
evaporator after the air conditioning apparatus is 
stopped, and the amount of refrigerant leaking into the 
air conditioner casing can be reduced. 

Still further, a blower may be stopped after a prede- 
termined time has elapsed since the solenoid valve is 
closed when a detected value detected by the refriger- 
ant detecting device during the operation of the air con- 
ditioning apparatus is a predetermined value or more. In 
this way, since the blower is stopped when leakage of 
refrigerant is detected during the operation of the air 
conditioning apparatus, forced airflow toward the pas- 
senger compartment does not occur within the air pas- 
sage. Consequently, leaked refrigerant can be 
suppressed from flowing into the passenger compart- 
ment 

According to a second aspect of the present inven- 
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tion, an air passage in an air conditioner casing is 
closed by an air passage opening-closing device when 
the air conditioning apparatus for a vehicle is stopped. 

In this way, since the air passage is closed by the air 
passage opening-closing device when the air condition- s 
ing apparatus is stopped, refrigerant can be stopped 
within the air conditioner casing, even when refrigerant 
leaks into the air conditioner casing while the air condi- 
tioning apparatus is stopped and a passenger is absent, 
such as when parked. As a result, it can be prevented 10 
that the interior of the passenger compartment is filled 
with the refrigerant 

Further, a refrigerant detecting device may be dis- 
posed on an upstream air side of the air passage open- 
ing-dosing device. Accordingly, an air passage is 75 
closed when a detected value detected by the refriger- 
ant detecting device is a predetermined vaJue or more 
when a starting of the air conditioning apparatus has 
been instructed by an instruction device. 

In this way, since a closed state of the air passage 20 
is maintained by the air passage opening-dosing device 
when a detected value detected by the refrigerant 
detecting device is a predetermined value or more when 
a starting of the air conditioning apparatus has been 
instructed by the instruction device, the refrigerant can 25 
be prevented from flowing into the passenger compart- 
ment. 

Still further, a stopped state of a blower may be 
maintained when a detected value detected by the 
refrigerant deteding device is a predetermined value or 30 
more when a starting of the air conditioning apparatus 
has been instructed by the instrudion device. 

In this way, since a stopped state of the compressor 
is maintained when a detected value deteded by the 
refrigerant deteding device is a predetermined value or 35 
more when a starting of the air conditioning apparatus 
has been instructed by the instruction device, refriger- 
ant pressure within the refrigeration cyde does not rise. 
Consequently, a differential between refrigerant pres- 
sure within the refrigeration cycle and atmospheric 40 
pressure does not expand, and refrigerant can be pre- 
vented from flowing leaking into the passenger com- 
partment. 

Additionally, because the compressor does not 
operate while being in a state where an amount of 45 
refrigerant has leaked out and the refrigerant of the air 
conditioning apparatus has decreased, problems such 
as seizure or the like of the compressor can be pre- 
vented. 

Still further, a stopped state of a compressor may so 
be maintained when a deteded value deteded by the 
refrigerant deteding device is a predetermined value or 
more when a starting of the air conditioning apparatus 
has been instruded by the instrudion device. 

In this way, since a stopped state of the blower is ss 
maintained when a deteded value deteded by the 
refrigerant deteding device is a predetermined value or 
more when a starting of the air conditioning apparatus 
has been instruded by the instructing device, forced air- 



flow toward the passenger compartment does not 
occur. Consequently, the leaked refrigerant can be sup- 
pressed from flowing into the passenger compartment. 

Still further, an inside air introduction inlet and an 
outside air introduction inlet may be dosed when the air 
conditioning apparatus is stopped. 

In this way, since the two induction ports and the air 
passage are closed when the air conditioning apparatus 
is stopped and the refrigerant detecting device is dis- 
posed in a closed space thereof, the concentration of 
refrigerant (for example refrigerant which has leaked 
from the evaporator) flowing in the air passage 
becomes higher than in a case where the air passage is 
open, and therefore probability of detection of leaked 
refrigerant by the refrigerant detecting device becomes 
higher. As a result, refrigerant leakage detection accu- 
racy of the refrigerant deteding device can be 
improved. 

Still further, a first valve device and a second valve 
device may be disposed on a side of the inflow port and 
on a side of the discharge port, respedively. These two 
valve devices dose off refrigerant flowing into the inflow 
port and from the discharge port when the air condition- 
ing apparatus is stopped. 

Since the first valve device and second valve device 
for enclosing the refrigerant within the evaporator when 
the air conditioning apparatus is stopped are provided 
on a side of the inflow port and on a side of the dis- 
charge port, respectively, and the maximum amount of 
refrigerant which may leak from the evaporator while the 
air conditioning apparatus is stopped and a passenger 
is absent, such as when parked, is only the amount 
remaining within the evaporator. Consequently, the 
amount of refrigerant leaking into the passenger com- 
partment can be suppressed. 

Further, a third valve device may be provided 
between the first valve device and the second valve 
device, the third valve device is controlled so as to dis- 
charge refrigerant existing between the first and second 
valve devices to outside the passenger compartment 
when a deteded value deteded by the refrigerant 
deteding device refrigerant is a predetermined value or 
more. 

In this way, since refrigerant existing between the 
first valve device and the second valve device can be 
discharged to outside the passenger compartment by 
the third valve device when a deteded value deteded 
by the refrigerant-detecting device is a predetermined 
value or more, an amount of refrigerant leaking into the 
passenger compartment can further be suppressed. 

Still further, the first, second, and third valve 
devices may be disposed outside the passenger com- 
partment 

In this way, since the first, second and third valve 
devices are disposed outside the passenger compart- 
ment, piping connedion portions having a high possibil- 
ity of refrigerant leakage are disposed outside the 
passenger compartment. Consequently, the refrigerant 
can be prevented from flowing into the passenger com- 
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partmerrt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of the present s 
invention will be more readily apparent from the follow- 
ing detailed description of preferred embodiments 
thereof when taken together with the accompanying 
drawings in which: 

10 

FIG. 1 is a schematic drawing indicating a ventila- 
tion system and a control system of an air condi- 
tioning apparatus for a vehicle according to a first 
embodiment of the present invention; 
FIG. 2 is a schematic drawing of a refrigeration is 
cyde according to the first embodiment; 
FIG. 3 is a control flowchart of the air conditioning 
apparatus for the vehicle according to the first 
embodiment; 

FIG. 4 is a schematic drawing indicating a verrtila- 20 
tion system and a control system of an air condi- 
tioning apparatus for a vehicle according to a first 
embodiment of the present invention; 
FIG. 5 is a schematic drawing of a refrigeration 
cycle according to the first embodiment; and 25 
FIG. 6 is a control flowchart of the air conditioning 
apparatus for the vehicle according to the first 
embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 30 
EMBODIMENTS 

A first embodiment according to this invention will 
be described hereinafter with reference to the drawings. 

FIG. 1 is a schematic drawing of a ventilation sys- 35 
tern and a control system of an air conditioning appara- 
tus according to the first embodiment and the air 
conditioning apparatus will be described with reference 
to FIG. 1. 

An air conditioner casing 1 forms an air passage 40 
1a, and an inside air introduction inlet 2 for introducing 
inside air inside a passenger compartment and an out- 
side air introduction inlet 3 for introducing air outside the 
passenger compartment are formed on an upstream air 
side in the air conditioner casing 1. A switching door 5 45 
for selectively opening or closing these two introduction 
inlets 2 and 3 is provided, and the switching door 5 is 
driven by drive unit 6 (specifically, a servomotor). 

A blower 7 is disposed on a downstream air side of 
the switching door 5. The blower 7 is driven by a sci- so 
rocco fan 7a and a drive unit 7b (specifically, a blower 
motor), and fan speed, i.e., an amount of air blown into 
the passenger compartment, is controlled by blower 
voltage applied to the blower motor 7b. 

An evaporator 8 for cooling air is disposed at a 55 
downstream air side of the sci rocco fan 7a, and a drain- 
pipe 32 communicated with an outside of the passenger 
compartment is disposed in the air conditioner casing 1 
on a downstream air side of the evaporator 8. A heater 



core 9 for heating air with coolant water of an engine 
(not illustrated) as a heat source is disposed on a down- 
stream air side of the drainpipe 32. The evaporator 8 
cools air by using a refrigeration cycle which will be 
described later. 

An air-mix door 1 1 for adjusting a ratio of air pass- 
ing through the heater core 9 and air passing through a 
bypass passage 1 0 so as to bypass the heater core 9 is 
disposed on an upstream side of the heater core 9. This 
air ratio is adjusted by adjusting a degree of opening of 
the air-mix door 1 1 , and the air-mix door 1 1 is driven by 
a drive device 12 (specifically, a servomotor). 

A face air outlet 13 for blowing out conditioned air 
toward the upper body of a passenger in the passenger 
compartment a foot air outlet 14 for blowing out condi- 
tioned air toward the feet of the passenger in the pas- 
senger compartment, and a defroster air outlet 15 for 
blowing out conditioned air toward an inner side of a 
windshield (not illustrated) are formed at the most 
downstream air side in the air conditioner casing 1 . 

Accordingly, air outlet doors 16, 17 and 18 are 
respectively disposed in the above-described air outlets 
13, 14 and 15. These air outlet doors 16, 17 and 18 are 
driven by drive units 19, 20 and 21 (specifically, respec- 
tive servomotors). In this embodiment, the air outlet 
doors 16, 17 and 18 open or close the air passage 1a. 

A gas sensor 22 detects refrigerant which has 
leaked from the air conditioner casing 1 . The gas sensor 
22 is disposed in the air conditioner casing 1 on the 
downstream air side of the evaporator 8. The gas sen- 
sor 22 cooperates with a controller 23 so as to monitor 
the leakage of refrigerant constantly. A warning device 
24, such as a bell or warning light, warns the passenger 
of refrigerant leakage when refrigerant has leaked. 

The refrigeration cycle will be described with refer- 
ence to FIG. 2. 

The refrigeration cycle indicated in FIG. 2 is a 
vapor-compressing type refrigeration cycle employing a 
flammable refrigerant of propane gas or the like. A com- 
pressor 25 compresses the refrigerant by a driving force 
from the engine via an electromagnetic clutch (not illus- 
trated). A condenser 26 condenses the refrigerant, and 
is generally disposed on the front side of an engine 
compartment A pressure switch 31 for preventing the 
condenser 26 from being damaged due to abnormal 
rise in condensation pressure is provided on a down- 
stream side of the condenser 26. This pressure switch 
31 stops operation of the condenser 26 and prevents 
increase in pressure within the condenser 26 by switch- 
ing off an electromagnetic clutch when pressure within 
the condenser 26 rises abnormally. 

An expansion valve 27 as a pressure reducing 
device for refrigerant condensed by the condenser 26, 
and low-temperature and low-pressure refrigerant is 
evaporated in the evaporator 8. Air passing through the 
evaporator 8 is cooled by the latent evaporation heat of 
the expansion valve 27. 

A solenoid valve 28 is disposed outside the passen- 
ger compartment on the inflow port 8a side of the evap- 
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orator 8, and a check valve 29 for stopping the 
refrigerant flowing into the evaporator 8 is disposed out- 
side the passenger compartment on the discharge-port 
8b side. 

A microcomputer inducing a CPU, ROM, RAM, and 
the like (not illustrated) is incorporated in the controller 
23, and as shown in FIG. 1 , signals from the gas sensor 
22 and an air conditioning apparatus starting switch (air 
conditioner switch) 30 are input to the above-described 
microcomputer. The controller 23 is connected to a bat- 
tery (not illustrated) and controls the drive units 6, 12, 
19 and 20, the blower motor 7b, the warning device 24, 
and the solenoid valve 28 according to signals from the 
gas sensor 22 and air conditioner switch 30. Further- 
more, the air conditioner witch 30 is not turned to a 
"on" state unless a switch (not illustrated) of the blower 
7 is turned on so as to operate the blower 7. 

Control process executed by the controller 23 will 
be described with reference to the flowchart in FIG. 3. 

When it is determined by a signal from the air con- 
ditioner switch 30 that the air conditioning apparatus is 
operating (step 100), it begins to monitor the presence 
or absence of refrigerant leakage on a basis of a signal 
from the gas sensor 22 (step 110). When it is deter- 
mined that refrigerant is leaking, the air outlets 13, 14 
and 15 are respectively closed by the air outlet doors 
16, 17 and 18 (step 120), the blower 7 is stopped (step 
130), the outside air introduction inlet 3 is opened (step 
140), and the solenoid valve 28 is closed (step 150). 

When a predetermined time has elapsed since the 
solenoid valve 28 is closed (step 160), the electromag- 
netic clutch is switched off (step 1 70), and the compres- 
sor 25 is stopped. A refrigerant leakage warning is 
issued to the passenger (step 180). The above-men- 
tioned predetermined time will be described later. 

Meanwhile, when it is determined in step 110 that 
refrigerant has not leaked, the air conditioning appara- 
tus is operated. When a stoppage of the air conditioning 
apparatus is instructed by the air conditioner switch 30 
(step 190), the solenoid valve 28 is closed (step 200). 
When a predetermined time has elapsed after the sole- 
noid valve 28 is closed (step 210), the electromagnetic 
clutch is switched off (step 220), and the compressor 25 
is stopped. 

Characteristics of this embodiment will be 
described. 

When the leakage of refrigerant is detected during 
operation of the air conditioning apparatus for a vehicle, 
the air outlets 13, 14 and 15 are respectively closed by 
the air outlet doors 16, 17 and 18, and the refrigerant 
which has leaked from the air conditioner casing 1 can 
be stopped within the air conditioner casing 1. Conse- 
quently, it can be prevented that the interior of the pas- 
senger compartment is filled with the refrigerant. 

Additionally, when leakage of refrigerant is detected 
during operation of the air conditioning apparatus for a 
vehicle, the compressor 25 is stopped after a predeter- 
mined time has elapsed since the solenoid valve 28 is 
closed, and the refrigerant within the evaporator 8 is 



sucked and discharged. Consequently, the amount of 
refrigerant leaking into the air conditioner casing 1 due 
to the damage of the evaporator 8 can be reduced, and 
it can be prevented that the interior of the passenger 

5 compartment is filled with the refrigerant. Further, 
because the solenoid valve 28 is closed and refrigerant 
does not circulate, the amount of refrigerant discharged 
from the compressor 25 can be reduced. Consequently, 
pressure within the condenser 26 is reduced, and the 

10 pressure switch 31 does not operate. 

Herein, "predetermined time" is the time required 
for sucking out refrigerant within the evaporator 8, as 
described above, and in this embodiment, is approxi- 
mately 30 seconds. 

rs Further, when an instruction for stopping the opera- 
tion is issued by the air conditioner switch 30 during the 
operation of the air conditioning apparatus for a vehicle, 
the operation of the compressor 25 is stopped after a 
predetermined time has elapsed since the solenoid 

20 valve 28 is closed, and the refrigerant within the evapo- 
rator 8 is sucked and discharged. Consequently, even if 
a damage occurs so that refrigerant leaks but from the 
evaporator 8 after the air conditioning apparatus for a 
vehicle is stopped, the refrigerant within the evaporator 

25 8 has been sucked out and discharged, and the amount 
of refrigerant leaking out into the air conditioner casing 
1 can be reduced. 

Furthermore, the blower is stopped when leakage 
of refrigerant is detected during the operation of the air 

30 conditioning apparatus for a vehicle, and forced airflow 
toward the passenger compartment is not generated 
within the air passage 1a. Consequently, flow of leaked 
refrigerant into the passenger compartment can be sup- 
pressed. 

35 Additionally, the check valve 29 is disposed on the 
discharge port 8b side of the evaporator 8, the refriger- 
ant can be prevented from flowing into the evaporator 8. 
Consequently, the amount of refrigerant leaking into the 
interior of the passenger compartment can be sup- 

40 pressed. 

Moreover, because the solenoid valve 28 and check 
valve 29 are disposed outside the passenger compart- 
ment, piping connection portions having a possibility of 
refrigerant leakage are disposed outside the passenger 

45 compartment Consequently, leaked refrigerant can be 
suppressed from flowing into the passenger compart- 
ment. 

Additionally, because the gas sensor 22 is disposed 
on the downstream air side of the evaporator 8, the gas 

so sensor 22 is disposed in an atmosphere where refriger- 
ant leaked from the evaporator 8. Consequently, the 
accuracy of the refrigerant leakage detection accuracy 
of the gas sensor 22 is improved. 

The air outlet doors 16, 17 and 18 are utilized as an 

55 apparatus for opening or closing the passage in the first 
embodiment, but this invention can be also embodied 
by providing a door specially for closing the air passage 
1a between the evaporator 8 and the air outlets 13, 14 
and 15. However, it is preferred that the gas sensor 22 
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should be disposed between this door and the evapora- 
tor 8. 

Additionally, since refrigerant flowing into the air 
conditioner casing 1 seems to leak out from the evapo- 
rator 8, the present invention can be also embodied also 
by adopting a door as an apparatus for opening or clos- 
ing passage so as to cover the upstream and down- 
stream air sides of the evaporator 8. However, it is 
preferred that the gas sensor 22 should be disposed 
between this door and the evaporator 8. 

Moreover, the present invention can be also 
embodied by employing a solenoid valve instead of the 
check valve 29. Accordingly, the solenoid valve may be 
operated interlockingly with stoppage of an electromag- 
netic clutch. 

Additionally, in the first embodiment, the operation 
of the compressor is stopped by switching off the elec- 
tromagnetic clutch. However, in a case the compressor 
is operated by a special drive source for the compres- 
sor, such as a motor, engine, or the like, the compressor 
may be stopped by stopping this drive source. 

Furthermore, the present invention is not exclu- 
sively applied only when a cooling function (compres- 
sor) is operated, but can be applied when a blowing 
function (ventilation function) or a heating function is 
operated. 

Moreover, the air conditioning apparatus for a vehi- 
cle according to the present invention is not limited to a 
vehicle employing an internal combustion engine or the 
like, but can also be applied in an electrical automobile 
or the like. 

A second embodiment according to the present 
invention will be described hereinafter with reference to 
the drawings. 

FIG. 4 is a schematic drawing of a ventilation sys- 
tem and control system of an air conditioning apparatus 
according to the second embodiment, and the air condi- 
tioning apparatus will be described with reference to 
FIG. 1. 

In this embodiment, same or equivalent parts and 
components as in the first embodiment are shown with 
the same reference numerals, and description thereof is 
omitted. 

In FIG. 4, an inside air introduction inlet door 4 and 
an outside air introduction inlet door 5 for opening or 
closing these two introduction inlets 2 and 3 are pro- 
vided, and these two introduction inlet doors 4 and 5 are 
driven by drive unit 6 and 6a (specifically, a servomotor). 
A blower 7 is disposed at a downstream air side of the 
two introduction inlet doors 4 and 5. 

A relief valve (third valve device) 33 are disposed 
outside of the passenger compartment on the inflow 
port 8a side of the evaporator 8 in addition to the sole- 
noid valve (first valve device) 28. 

Control process executed by the controller 23 will 
be described next with reference to the flowchart in FIG. 
5. 

When it is determined that the air conditioning 
apparatus has been stopped by a signal from the air 



conditioner switch 30 (step 100), the solenoid valve 28 
is closed (step 110). the air outlets 13, 14 and 15 are 
respectively closed by the air outlet doors 1 6, 1 7 and 1 8 
(step 120), and the two introduction inlets 2 and 3 are 

5 respectively closed by the two introduction inlet doors 4 
and 5 (step 130). 

Next, the presence or absence of refrigerant leak- 
age is determined on a basis of a signal from the gas 
sensor 22 (step 140). Herein, when it is determined that 

w refrigerant has leaked, a refrigerant-leakage warning is 
issued (step 150), the outside air introduction inlet door 
4 is opened (step 160), and the relief valve 33 is opened 
(step 290). 

Then, it is stored in memory that refrigerant leakage 

15 (breakdown) has occurred (step 250), and the control 
process of steps 150, 160 and 290 is performed until it 
is determined that refrigerant is not leaking (step 140). 
The open state of the relief valve 33 is maintained until 
the refrigerant leakage is repaired. 

20 Meanwhile, when it is determined that an instruc- 
tion for starting the air conditioning apparatus has been 
output by a signal from the air conditioner switch 30 
(step 100), presence or absence of past refrigerant 
leakage (breakdown) is determined (step 270). Accord- 

25 ingly, when it is determined that refrigerant leakage 
(breakdown) did not exist in the past, presence or 
absence of refrigerant leakage is determined on a basis 
of a signal from the gas sensor 22 (step 170). Herein, 
when it is determined that refrigerant has leaked, a sig- 

30 nal for prohibiting the air-conditioning apparatus from 
starting is output to an air conditioning controller (not 
illustrated) (step 180). 

Next, the solenoid valve 28 is maintained in an 
open state (step 190). an "off state of the electromag- 

35 netic clutch (i.e., stopped state of the compressor 25) is 
maintained (step 200), the stopped state of the blower 7 
is maintained (step 210), the air outlets 13, 14 and 15 
are respectively closed by the air outlet doors 16, 17 
and 18 (step 220), a warning for refrigerant leakage is 

40 issued to the passenger (step 230). and the outside air 
introduction inlet 4 and relief valve 33 are opened (step 
240 and step 300). 

Then, it is stored in memory that refrigerant leakage 
(breakdown) has occurred (step 260), and the control 

45 process of steps 150 through 240 and step 300 is per- 
formed until it is determined that refrigerant is not leak- 
ing (step 1 70). The open state of the relief valve 33 and 
the "off" state of the electromagnetic clutch are main- 
tained until the refrigerant leakage is repaired. 

so Meanwhile, when it has been determined in step 
270 that refrigerant leakage (breakdown) existed in the 
past, only the heater function and the blower function 
are operated without operating the compressor 25, until 
the refrigerant leakage is repaired. 

55 Additionally, when it has been determined in step 
170 that refrigerant has not leaked, a signal for starting 
the operation of the air conditioning apparatus is output 
to the controller. Consequently, the air conditioning 
apparatus does not operate until the signal for starting 
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the operation of the air conditioning apparatus is output 
(step 250). 

Characteristics of this embodiment will be 
described next. 

When the air conditioning apparatus is stopped, the 
air outlets 13, 14 and 15 are respectively closed by the 
air outlet doors 16, 17 and 18. Therefore, even when 
refrigerant leaks into the air conditioner casing 1 while 
the air conditioning apparatus is not operated, such as 
when parked, the refrigerant can be stopped within the 
air conditioner casing 1 . Consequently, it can be pre- 
vented that the interior of the passenger compartment is 
filled with the refrigerant. 

Additionally, the check valve 29 is disposed on the 
discharge-port 8b side of the evaporator 8. and moreo- 
ver, the solenoid valve 28 of inflow port side is closed 
when the engine is stopped, and the maximum amount 
of refrigerant which leaks from the evaporator 8 while 
the air conditioning apparatus is not operated, such as 
when parked, can be only the amount remaining within 
the evaporator 8. Consequently, the entire amount of 
the refrigerant does not leak out, and the amount of 
refrigerant leaking into the interior of the passenger 
compartment can be suppressed. 

Furthermore, when the detected value detected by 
the gas sensor 22 is a predetermined value or more, 
refrigerant existing between the solenoid valve 28 and 
the check valve 29 can be discharged outside the pas- 
senger compartment by opening the relief valve 33. and 
the amount of refrigerant leaking into the interior of the 
passenger compartment can further be reduced. 

Additionally, when refrigerant leakage occurs, a 
warning is issued by the warning device 24, and there- 
fore, the passenger can be prevented from mistakenly 
boarding the passenger compartment of the vehicle 
when parked. That is, in step 150, a warning for giving 
the passenger notice of the refrigerant leakage or the 
like may be issued before the passenger re-boards the 
vehicle. 

Moreover, the electromagnetic clutch is maintained 
in the "off state as in step 200 even when the air condi- 
tioner switch is switched in a state where leakage of 
refrigerant has occurred when starting the air condition- 
ing apparatus, and the compressor 25 is not operated. 
Consequently, refrigerant pressure within the refrigera- 
tion cycle does not rise, a differential between refriger- 
ant pressure in the refrigeration cycle and atmospheric 
pressure does not expand, and refrigerant leakage can 
further be prevented. Since the compressor 25 does not 
operate while being in a state where the amount of 
refrigerant has decreased, problems such as seizure or 
the like of the compressor 25 can be prevented. 

Since the blower is not operated while being in a 
state where leakage of refrigerant has occurred when 
starting the air conditioning apparatus, forced airflow 
within the air passage 1a toward the passenger com- 
partment does not occur. Consequently, the leaked 
refrigerant can be suppressed from flowing into the pas- 
senger compartment. 



In addition, because the two introduction inlets 2 
and 3 are closed and the air outlets 13, 14 and 15 are 
closed when the air conditioning apparatus is stopped, 
the air passage 1a formed in the air conditioner casing 

5 1 becomes a closed space. Consequently, concentra- 
tion of refrigerant flowing into the air passage 1a (for 
example, refrigerant which has leaked from the evapo- 
rator 8) becomes higher than in a case where the air 
passage 1a is opened, and the probability of the refrig- 

w erant leakage being detected by the gas sensor 22 
becomes high. As a result, refrigerant leakage detection 
accuracy of the gas sensor 22 can be increased. 

Additionally, because the solenoid valve 28, check 
valve 29, and relief valve 33 are disposed outside the 

15 passenger compartment piping connection portions 
having a high possibility of refrigerant leakage are dis- 
posed outside of the passenger compartment. Conse- 
quently, the leaked refrigerant can be suppressed from 
flowing into the passenger compartment. 

20 Furthermore, the compressor 25 is not operated 
when an instruction for starting the operation of the air 
conditioning apparatus for a vehicle has been issued by 
the air conditioner switch 30 in a case where refrigerant 
leakage (breakdown) existed in the past, and problems 

25 such as seizure or the like of the compressor 25 can be 
prevented. 

The check valve 29 may be also employed as an 
intake valve for the compressor 25. 

Although the present invention has been fully 
30 described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications will become apparent to those skilled in 
the art. Such changes and modifications are to be 
35 understood as being included within the scope of the 
present invention as defined in the appended claims. 

Claims 

40 1 . An air conditioning apparatus for a vehicle having a 
passenger compartment, comprising: 

an air conditioner casing (1) for forming an air 
passage (1a) therein, said air passage (1a) 
45 having an air outlet (13-15) on an downstream 

air side thereof so as to be open to said pas- 
senger compartment; 

an evaporator (8) disposed within said air con- 
ditioner casing (1), said evaporator (8) cooling 
50 air flowing into said passenger compartment by 

using latent evaporation heat of a flammable 
refrigerant; 

air passage opening-closing means (16-18) for 
opening or closing said air passage (1a), said 
55 air passage opening-closing means (16-18) 

being disposed on an downstream air side of 
said evaporator (8) within said air conditioner 
casing (1); 

refrigerant detecting means (22) for detecting 
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refrigerant disposed within said air conditioner 
casing (1) to detect said refrigerant which has 
flowed within said air passage (1a); and 
opening-closing control means (110, 120) for 
controlling said air passage opening-closing 
means (16-18) so as to close said air passage 
(1a) when a detected value of said refrigerant 
detecting means (22) is a predetermined value 
or more. 

2. An air conditioning apparatus according to claim 1 , 
wherein: 

said opening-closing control means (110, 120) 
controls air passage opening-closing means 
(16-18) so as to close said air passage (1a) 
when a detected value of said refrigerant 
detecting means (22) for detecting refrigerant 
during an operation of said air conditioning 
apparatus is a predetermined value or more. 

3. An air conditioning apparatus according to claim 2, 
wherein: 

said evaporator (8) is provided with an inflow 
port (8a) into which said refrigerant flows and a 
discharge port (8b) out from which said refrig- 
erant flows. 

4. An air conditioning apparatus according to claim 3, 
further comprising: 

a solenoid valve (28) disposed on a side of said 
inflow port (8a) to control through flow of said 
refrigerant f towing through said inflow port (8a); 
a compressor (25) for compressing said refrig- 
erant; and 

first stopping means (150-170) for stopping 
said compressor (25) after a predetermined 
time has elapsed since said solenoid valve (28) 
is closed, when a detected value of said refrig- 
erant detecting means (22) for detecting refrig- 
erant during an operation of the air conditioning 
apparatus is a predetermined value or more. 

5. An air conditioning apparatus according to any one 
of claims 3 and 4, further comprising: 

a solenoid valve (28) disposed on a side of said 
inflow port (8a) to control said refrigerant flow- 
ing through said inflow port (8a); 
a compressor (25) for compressing said refrig- 
erant; 

instruction means (30) for instructing a stop of 
the air conditioning apparatus; and 
second stopping means (200-220) for stopping 
said compressor (25) after a predetermined 
time has elapsed since said solenoid valve (28) 
is closed, when a stop of the air conditioning 



apparatus has been instructed by said instruc- 
tion means (30) during an operation of the air 
conditioning apparatus. 

5 6. An air conditioning apparatus according to any one 
of claims 1-5, further comprising: 

a blower (7) for blowing air in said passenger 
compartment; and 
io blower stopping means (1 1 0, 1 30) for stopping 

an operation of said blower, when a detected 
value of said refrigerant detecting means for 
detecting refrigerant during an operation of the 
air conditioning apparatus is a predetermined 
is value or more. 

7. An air conditioning apparatus for a vehicle having a 
passenger compartment, comprising: 

20 an air conditioner casing (1) for forming an air 

passage (1a) therein, said air passage having 
an air outlet (13-15) on an downstream air side 
thereof so as to be open to said passenger 
compartment; 

25 an evaporator (8) disposed within said air con- 

ditioner casing (1), said evaporator (8) cooling 
air flowing into said passenger compartment by 
using latent evaporation heat of a flammable 
refrigerant; 

30 air passage opening-closing means (16-18) for 

opening or closing said air passage, said air 
passage opening-closing means (16-18) being 
disposed on an downstream air side of said 
evaporator (8) within said air conditioner casing 

35 (1); 

opening-closing control means (100, 120) for 
controlling said air passage opening-closing 
means (16-18) so as to close said air passage 
(1a) when the air conditioning apparatus is 
40 stopped. 

8. An air conditioning apparatus according to claim 6, 
further comprising: 

45 stop instruction means (30) for instructing a 

stop of the air conditioning apparatus; wherein: 
air passage opening-closing means (16-18) 
closes said air passage (1a) when a stop of the 
air conditioning apparatus has been instructed 
so by said stop instruction means (30). 

9. An air conditioning apparatus according to any one 
of claims 7 and 8. further comprising: 

55 start instruction means (30) for instructing a 

starting of the air conditioning apparatus; 
refrigerant detecting means (22) for detecting 
refrigerant which has flowed within said air pas- 
sage (1a), said refrigerant detecting means 
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(22) being disposed within said air conditioner 
casing (1) on an upstream air side of said air 
passage opening-closing means (16-18); and 
maintaining means (100, 170. 220) for control- 
ling air passage opening-closing means (16- s 
18) so as to maintain said air passage (1a) in a 
closed state if a detected value of said refriger- 
ant detecting means (22) is a predetermined 
value or more when a starting of the air condi- 
tioning apparatus has been instructed by said w 
start instructing means (30). 

10. An air conditioning apparatus according to any one 
of claims 7-9, further comprising: 

15 

start instruction means (30) for instructing a 
starting of the air conditioning apparatus; 
refrigerant detecting means (22) for detecting 
refrigerant which has flowed within said air pas- 
sage (1a), said refrigerant detecting means 20 
(22) being disposed within said air conditioner 
casing (1) on an upstream air side of said air 
passage opening-closing means (16-18); 
a blower (7) for blowing air within a passenger 
compartment; and 25 
blower maintaining means (100, 170, 210) for 
maintaining a stop of said blower (7) in a 
stopped state if a detected value of said refrig- 
erant detecting means (22) is a predetermined 
value or more when a starting of the air condi- 30 
tioning apparatus has been instructed by said 
start instruction means (30). 

11. An air conditioning apparatus according to any one 
claims 7-9. further comprising: 35 

start instruction means (30) for instructing a 
starting of the air conditioning apparatus; 
refrigerant detecting means (22) for detecting 
refrigerant which has flowed within said air pas- 40 
sage (1a), disposed within said air conditioner 
casing (1) on an upstream air side of air pas- 
sage opening-closing means (16-18); 
a compressor (25) for compressing said refrig- 
erant; and 45 
compressor maintaining means (100. 270, 
280) for maintaining said compressor in a 
stopped state if a detected value of said refrig- 
erant detecting means (22) for detecting refrig- 
erant is a predetermined value or more when a so 
starting of the air conditioning apparatus has 
been instructed by said start instruction means 
(30). 

12. An air conditioning apparatus according to any one 55 
claims 7-11, wherein: 

said air passage (1a) includes: 

an inside air introduction inlet (2) disposed on 



an upstream air side within said air conditioner 
casing (1) to introduce air inside said passen- 
ger compartment; 

an outside air introduction inlet (4, 5) disposed 
on an upstream air side within said air condi- 
tioner casing (1) to introduce air outside said 
passenger compartment. 

13. An air conditioning apparatus according to claim 
12, further comprising: 

inside/outside air opening-closing means (4, 5) 
for opening or closing said inside air introduc- 
tion inlet (2) and said outside air introduction 
inlet (3); and 

inside/outside air control means (130) for con- 
trolling inside/outside air opening-closing 
means (4. 5) so as to close both said outside 
air introduction inlet (2) and said outside air 
introduction inlet (3) when the air conditioning 
apparatus is stopped. 

14. An air conditioning apparatus according to any one 
of claims 7-13, wherein: 

said evaporator (8) is provided with an inflow 
port (8a) into which said refrigerant flows and a 
discharge port (8b) out from which said refrig- 
erant flows. 

15* An air conditioning apparatus according to claim 

14, further comprising: 

first valve means (28) disposed on a side of 
said inflow port (8a) to control said refrigerant 
flowing through said inflow port (8a); and 
second valve means (29) disposed on a side of 
said discharge port (8b) to control said refriger- 
ant flowing through said discharge port (8b), 
wherein: 

said two valve means (28, 29) interrupts said 
refrigerant flowing into said evaporator (8) 
when the air conditioning apparatus is stopped. 

16. An air conditioning apparatus according to claim 

15, further comprising: 

third valve means (33) disposed between said 
first valve means and said second valve means 
(28, 29), wherein: 

said third valve means (33) is operated so as to 
discharge refrigerant existing between said first 
and second valve means (28, 29) to outside 
said passenger compartment when a detected 
value of said refrigerant detecting means (22) 
is a predetermined value or more. 

17. An air conditioning apparatus according to claim 

16, wherein: 
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said first through third valve means (28, 29, 33) 
are disposed outside said passenger compart- 
ment. 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



10 



EP 0 768 198 A2 



FIG. 1 




11 



EP 0 768 198 A2 




EP0 768198A2 




13 



EP 0 768 198 A2 



FIG. 4 




14 



EPO 768 198 A2 




15 



EP0 768198 A2 




16 



